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Abstract – This research presents the design simulation of aluminum silicon carbide by Low 
Pressure Die Casting (LPDC). The theoretical formulation was presented for determining the 
filling sequence and solidification time. The simulation is presented in order to study the velocity 
and temperature patterns by applying sensor to the mould and cavity. As a result, an application of 
A356 aluminum alloy was used as a matrix material and silicon carbide was added as 
reinforcement particles in designing of automotive wheel were presented.    Copyright © 2011 
Praise Worthy Prize S.r.l. - All rights reserved. 
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I. Introduction 
Metal matrix composites (MMC’s), has showed 
significant success in industries such as automotive, 
aerospace and electronics because an evolutionary 
composite material for reinforcement and weight 
reduction in casting products. In recent years, researchers 
have viewed metal matrix composite (MMC) for 
potential increasing the overall performance of materials. 
Among the several metal matrix composites, 
aluminum silicon carbide which utilizes the mechanical 
properties has been receiving attention because of its 
advantages such as elevated temperature, weight 
reduction and fatigue life improvement. However, the 
actual cast specimens or products are needed to be 
fabricated in order to analyze the mechanical properties 
of cast metal matrix such as impact strength and yield 
strength. The purpose is to ensure cast aluminum silicon 
carbide to meet the expected strength and fatigue life. 
This lead to higher cost consumption and lead time in the 
design stage. Therefore, the composition between matrix 
material and composite reinforced of aluminum silicon 
carbide must be further studied. 
Thermal expansion model in casting techniques that 
are deployed based on metal matrix composite have been 
extensively studied. One of the most accepted approaches 
is thermal expansion during the filling process. Cast 
metal matrix is a type of metal matrix composites 
(MMCs) produced by the casting process through a 
binding metal (matrix) and one/more than one 
reinforcement material in the form of particle, fiber, or 
layer [1].  Ductile metals, such as aluminum, magnesium, 
titanium and their alloys, have been popular matrices for 
MMCs applied in industries such as aerospace, 
automotive, defense and construction [2]. By adding in 
sufficient reinforcement, the mechanical properties of 
soft metal alloys can be greatly enhanced [3].  Several 
techniques have been proposed in order to increase the 
performance of metal matrix composite in such as SiC 
reinforced Pb 20%Sn alloy [4], and new quick quench 
stir caster design for producing metal matrix composites 
[5]. Conventionally, the design of cast metal matrix 
involves fabricating the physical specimens for analysis 
on the microstructures of casting and study on their 
mechanical behavior [6-10]. However, this practice leads 
to a higher production cost and lead time. A new casting 
technique for metal matrix composites material has 
fostered an interesting research area of simulating the 
filling sequence and solidification time. 
For this research, a new design of cast MMC 
automotive wheel using aluminum A356 as binding 
material (matrix) and Silicon Carbide particles 
(reinforcement) will be developed and analysis will be 
conducted on the product using simulation of CAD tools. 
The simulated analysis results will be compared with the 
actual experimental results obtained from the previous 
studies. 
II. Cast Metal Matrix Application in 
Automotive Wheel Production 
 
Introduction of new, modified or alternative materials 
is crucial for satisfying many different needs of 
application in automotive industries such as 
environmental constraints, economic demands and 
performance enhancements [13], [14]. Reduction of the 
overall weight of the vehicle can significantly reduce the 
fuel consumption and thus reduces the exhaust emissions 
from motor vehicles. Moreover, a more durable vehicle 
part reduces the chance of part failure and necessity of 
repair and replacement [13].  
 R. S. Taufik, S. Shamsuddin, M. K.Mak 
Copyright © 2007 Praise Worthy Prize S.r.l. - All rights reserved                                 International Review of Mechanical Engineering, Vol. 
xx, n. x 
 
Nomenclature 
 
MMCs   metal matrix composites 
Pa           pressure at point a 
PM          value of the pressure at point M 
g             gravity 
h             height 
VM          velocity at point M 
Q            flow rate 
A            cavity area 
AR          cross section stalk 
t             time 
ts            time at stalk 
X(t)         position of stalk as any given time 
L            walls of the channel 
u            stalk velocity 
c            speed of the wave 
dt          time step (s) 
 
Greek letters 
β          propagation constant 
         density  
 
Subscript 
0     initial 
 
 
As a result, the vehicle will have greater performance in 
terms of acceleration and fuel efficiency together with 
weight reduction: a typical case is represented by 
automotive wheels [12]. 
Owing to the peculiar working condition of 
automotive wheels (light weight, aesthetic, high impact 
force, high temperature, presence in corrosive 
environment), metal matrix composites (MMCs) made of 
aluminum alloy and silicon carbide (SiC) reinforcement 
particles may find to be an excellent solution [12], [14].  
In year 2000, Alcoa International has produced 
Duralcan F3S.20S [15], a composite material based on 
A359 aluminum alloy strengthened with 20% of SiC 
particles for the application in automotive brakes. These 
cast metal matrix brakes have great resistance to wear, 
good strength, and relatively good heat conductivity. 
AM060A Magnesium alloy has been used in the general 
production of automotive wheels for after-market purpose 
such as racing upgrade.  
The comparison of physical and mechanical 
properties of pure aluminum [16], A356 Aluminum alloy 
[17], Duralcan F3S.20S [15] and AM60A Magnesium 
alloy [11] are shown in Table 1. Although the tensile 
strength slightly deterred from 228MPa to 217MPa, the 
yield strength of A356 aluminium alloy has been greatly 
improved from 164MPa to 310 MPa after being 
reinforced with 20% SiC particles [11], [16]. 
 
 
 
TABLE II 
PROPERTIES COMPARISON OF PURE ALUMINUM, A356 ALUMINUM 
ALLOY, DURALCAN F3S.20S AND AM60A MAGNESIUM ALLOY 
Material 
Density 
(g/cm
3
) 
Composition 
(wt %) 
Condition 
(Temper de 
signation) 
Tensile 
Strength 
(MPa) 
Yield 
Strength 
(MPa) 
Ductility 
(% 
Elongati
on in 
50mm) 
Pure 
Aluminu
m 
2.7 - - 64 90 21 
A356 
Aluminu
m alloy 
2.685 
7.0 Si, 0.3 
Mg, balance 
Al 
Heat 
treated 
(T6) 
228 164 3.5 
Duralcan 
F3S.20S 
(A356-
20%SiC
) 
- 
20% SiC 
dispersion 
particles, 
balance 
A356 
aluminum 
alloy 
T6 217 310 0.4 
AM60A 
Magnesi
um alloy 
1.8 
6.0 Al, 0.13 
Mn, 4.3 Al, 
1.0 Si, 
0.35Mn, 
balance Mg 
As cast 220 130 6 
III. Materials and Method  
III.1. Filling Rate Equation 
An application of steady state Bernoulli equation to an 
unsteady flow is for gravity filling with bottom gating 
system in low pressure die casting (Figure 1). Pressure, P 
will vary in time as the level of metal matrix composite in 
the cavity increases and can be approximated as 
 
ghPP M         (1) 
 
Where PM is value of pressure at point M at the moment 
when metal matrix composite enters the mould cavity.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  1. The filling rate process 
 
Velocity VM can be expressed using the flow rate, Q and 
the area, AR: 
 
R
M
A
Q
V                                   (2) 
 
By using β = 2(Pa-PM)/ρ and t0 is time of metal matrix 
composite enter to the mould cavity, the flow rate as a 
linear function of time can be determined. 
 
Pa=Patm 
PM 
AR M 
h1 
h2 
A 
h0 c 
a 
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Finally, the time required to fill a mould is given by: 
 
    max00 221 hhggh
A
A
g
t
R
fill         (4) 
 
This equation gives the highest possible fill time by 
determining the values of the average horizontal cross 
sectional area, A of β and the casting. 
III.2. Flows in Gating System 
The speed in the stalk must be carefully controlled to 
avoid unnecessary air entrapment in the cast metal matrix 
part. The gating system in the positive x direction is given 
by dX/t=X’(t), where X(t) defines the position of the stalk 
at time t>0. At the surface of the stalk, 
 
u(X(t), t) = X’(t)                               (5) 
 
At all other walls of the channel, including the end at 
x=L, the normal velocity component is equal to zero. The 
initial condition at t=0 are X(0) = 0, X’(0) = 0, U(x,0) = 
0, and h(x,0) = h0. This equation defines two sets of wave 
transport at the respective speeds of u+c and u-c along 
the metal matrix composite surface, where c is speed of 
the wave and u is stalk velocity. 
By combining the boundary and initial condition, the 
following solution for a wave that separates from the 
surface of the stalk at time t=ts 
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III.3. Material Selection 
A356 aluminum alloy is used as the matrix or binding 
material in the casting simulation of cast metal matrix 
wheel. Duralcan F3S.20S-T6 (A356-20% SiC) is chosen 
for this study and applied to the cavity, ingate and cast 
feeder. Cast steel SKD61 is selected for stalk and mould.   
The composition of SiC (20% wt) dispersion particles are 
used as the reinforcement with matrix in order to obtain 
optimum strengthening result [11], with properties such 
as Specific gravity = 3.2g/cm
3
, Tensile strength = 20GPa, 
Specific Strength = 6.25GPa, Modulus of Elasticity = 
480GPa, and Specific Modulus = 150GPa. 
 
 
III.4. Design of Gating System 
 
Design of gating system for automotive wheel by low 
pressure die casting consists of Stalk, Cast Stalk, Ingate, 
Cast Product (Wheel), Cooling Channel for Spoke, 
Cooling Channel for Hub, and Cooling Channel for Core. 
Figure 2 shows the gating system components for 
automotive wheel using Low Pressure Die Casting. 
 
 
 
Fig.  2. Exploded view showing components of Gating System 
 
The stalk design for low pressure die casting was 
designed to have a draft angle ~ 5° for easy removal after 
casting. Cast stalk was preset to a diameter of 60mm to 
ensure smooth flow of molten metal. The Ingate was used 
to filter the molten metal before it flows into the mould. 
Three cooling channels was built inside the virtual mould 
to cool the area of spoke, hub and core respectively 
where air was used as the cooling medium in the latter 
casting simulation.  
 
 
 
Fig.  3. Sensors placement in the cast model. 
 
As shown in Figure 3, six sensors have been placed into 
the Cavity (core, spoke, and rim) and Mould (core, side 
of hub, spoke).  
The cooling channels were set up for cool down 3 
major areas, which are core, hub and spoke of cast cavity. 
There are two cooling medium, water and air, are used in 
these channels; subsequent set on/off time and inlet/outlet 
temperature were shown in Table 2. 
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TABLE II 
SETTING OF COOLING CHANNELS 
Mould Location Media 
Time (sec) Temperature (℃) 
On Off In Out 
Upper 
Core Water 280 300 25 35 
Hub 
Air 
140 300 25 30 
Spoke 80 300 25 30 
IV. Results and Discussion 
By using AnyCasting software, the whole filling 
process has taken 11.7583s to completely fill up from 
feeder until the cavity. From Figure 4, it shows the filling 
region for different timeframe indicated by different 
color. The blue color region represents the area where 
molten metal first fills up during 0.0150s. For white color 
region, the molten metal reaches there the last during 
11.7583s. The larger the color region, the longer time the 
molten metal needs to fill up that region. For this model, 
the red color region is the largest where it covers 2/3 of 
the rim body. The air entrapment is believed to be the 
main reason that hinders the filling of the casting. 
 
 
 
Fig.  4. Filling Sequence 
IV.1. Solidification Time 
The total solidification time for this model is 
381.826s. Blue color region is the region where the 
molten metal around the rim body and outer surface of 
wheel spoke begin to solidify during 5.121s (Figure 5). 
The metal continues to solidify from the spoke, feeder 
until the ingate. There is no irregular solidification 
signatures observed from the simulation result and the 
relations of filling sequence and solidification were stated 
in Table 3. 
 
 
 
Fig.  5. Regions that solidify during 5.121s 
 
TABLE III 
FILLING % AND SOLIDIFICATION % OF THE OVERALL PROCESS 
 
 
As shown in Figure 6, the flow speed reaches its peak 
value of over 58.2cm/s at the center of hub. The flow 
accelerates as the molten metal passes through the small 
feed cross section of ingate. It is showed that a flow 
speed higher than 50cm/s results in breaking up of the 
melt flow which leads to oxidation of the melt, inclusion 
of oxide films and air entrapment throughout a low-
pressure die cast wheel. As for spoke and rim area 
(Figure 7 and 8), the peak value of flow velocity is 
35.9cm/s and 28.6cm/s respectively; which are below the 
50cm/s. 
 
 
 
Fig.  6.  Velocity VS. Time Graph (Sensor 1, Center of Hub) 
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Fig.  7. Velocity VS. Time Graph (Sensor 4, Spoke) 
 
 
 
Fig.  8. Velocity VS. Time Graph (Sensor 6, Rim) 
 
It is clear that, there were similar velocity pattern 
below 50 cm/s in the hub, spoke, and rim of cast metal 
matrix. In addition, the velocity was significantly 
increased during 10 seconds due to the diameter 
differences.  
IV.2. Temperature Analysis 
Figure 9, 10, 11 show the temperature graphs for 
sensors inside cavity (core, spoke and rim) reach a 
maximum temperature of 680°C (pouring temperature) 
and experienced a minor turbulence at around 280s. It 
might be caused by pressurized effect that occurs after 
the filling is completed. Since the magnitude of 
turbulence in temperature was relatively low, it will not 
cause major defect in the casting [12]. For sensors 
located at spoke (no. 4) and rim (no.5) of the cavity, the 
temperature drops gradually after the occurrence of 
turbulence.  
 
 
 
Fig.  9. Temperature vs. Time Graph – Sensor 1 (cavity, core) 
 
 
 
Fig.  10. Temperature vs. Time Graph – Sensor 4 (cavity, spoke) 
 
 
 
Fig.  11. Temperature vs. Time Graph – Sensor 5 (cavity, rim) 
 
The mould temperature graphs were shown in Figure 
12, 13, 14 respectively. Sensor no. 2 (core) was 
positioned exactly on the cooling channel (core). 
Therefore, its temperature graph (Figure 12) experienced 
a sudden drop at 280s as the cooling channel (core) 
begins to turn on and rapidly cool down the mould, the 
temperature rises again after the short term cooling. The 
other two graphs (Figure 13 and 14) also show the 
cooling effect, the temperature drops gradually after the 
cooling channels are being turned on. 
 
 
 
Fig.  12. Temperature vs. Time Graph – Sensor 2 (mould, center of 
hub) 
 
 
 
Fig.  13. Temperature vs. Time Graph – Sensor 3 (mould, side of hub) 
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Fig.  14. Temperature vs. Time Graph – Sensor 6 (mould, spoke) 
V. Conclusion 
In this work, a novel of cast metal matrix composites 
were successfully designed for an automotive wheel using 
low pressure dies casting. The approach combines the 
formulation theoretical and simulation for Aluminum 
Silicon Carbide Duralcan F3S.20S-T6 (A356-20% SiC) 
and were analyzed the filling sequence, flow velocity, 
and solidification time. 
Based on the simulation result, the maximum flow 
accelerates of 50 cm/s as the molten metal matrix 
composite passes through the small feed cross section in 
order to circumvent the oxidation, oxide films, and air 
entrapment. In addition, simulation results experienced to 
minor turbulence due to maximum pouring temperature 
of 680°C. Therefore, the metal matrix composite is 
prospective material for low-pressure die cast wheel. 
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